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(57) Abstract 

A paint system (20) comprises a paint supply system (22) supplying paint to a paint spray system (24). A transport assembly is 
provided, such as a ratatable magazine (26) for a multitude of inteicfaangeable containen (28) for a coating machme which containers are 
tilled ac a location separated finom die coating machine and are removed from the magazine at a discharge point and supplied to the coating 
machine and, after use, are again returned to the magazine. TTie coating machine includes a sjaay device mounted at an outer end of a 
moveable spmy aim (58). Tlic aim includes a housing into which filled containeis are inserted and a piston rod which engages a piston in 
tiie container to force paim out of die spray device. A meter measuring the relative position of the piston tod determines tiie volume laie 
of paint flow based upon die rate of change of die position of die piston rod. 
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PAINT SYSTEM WITH COLOR CHANGE CANISTERS 
BACKGROUND OF THE INVENTION 
The invention relates to a paint system for supplying paint to a coating device 
for the production line coating of workpieces, particulariy vehicle bodies. 

A known paint system such as disclosed in EP-PS 0 274 322, includes an 
enameling robot which carries the spraying device. Interchangeable containers are 
filled at dispraising stations that are annexed to paint supply lines and are located in 
the spray booth in the nwvement range of the robot, from where they are picked up 
by the enameling robot itself as necessary. The interchangeable containers can be 
coupled at different stations to any one of the numerous Unes. In a different 
embodiment, only two containers are provided, of which one container respectively 
is mounted to the robot while the other is being filled at a color changer annexed 
to connecting lines. A system of this type avoids long tubes between the spraying 
arrangement and tfie supply lines and permits electrostatic coating with electrically 
conductive coating material without the problem of a conductive connection between 
the spraying arrangement and the supply lines. 

However, this system requires a relatively high control cost if each paint 
supply line is associated with its own interchangeable container, because the robot 
must run to a different dispensing station for each color change. In addition, when 
the robot runs to the dispensing station, it must wait for the container to be filled. 
On the other hand, if only two containers are available for alternate fiUing and use, 
they must be rinsed for every color change, which leads to a loss of time in die 
coating operation as weU as a loss of the remaining material in the container on a 
reserve basis. In each case, the robot must execute laborious control movements 
in order to couple die containers to the dispensing stations. 
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In order to supply paint to an enameling robot for vdiide bodies, which has 
containers that can be mounted to the robot arm in an interchangeable manner, it is 
also conventionally known to transport containers filled with the quantity required 
for each body successively on a conveying belt to a discharge point, from which 
5 they are removed by an auxiliary xdboi and delivered to the enameling robot. 

SUMMARY OF TEE INVENTION 
The present invention provides a paint system for production line coating of 
workpieces, particularly vehicle bodies, having the greatest possible flexibility with 
respect to the paints, spraying arrangemrats and coating machines used. The paint 
10 system includes a paint supply system which, when filling the interchangeable 
containers, limits the loss diie to color change and provides a coating operation 
which is significantly free of delay. The paint supply system also preferably 
manages to limit control effort for the control of required movements. 

The paint system further includes a paint spray system including a coating 
IS machine whose exchangeable ccHitaina* can be coupled to the valve imit of the 
spraying device simply and with low control effort and which does not impair the 
dynamic modon behavior of the machine. 

For the paint supply system of the present invention, the containers can each 
be refilled with material of the same color. The containers are rinsed only if a 
20 control and monitoring system establishes that the containers were not used for 
coating for a preset amount of time, or were not emptied completely during coating, 
or were not refilled after being emptied or in an exceptional case, if a container 
must be filled with a different color. Consequently, the loss f paint due to r^ular 
rinsing is avoided. 
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Since color loss by means of rinsing only raidy occurs, the respective filUng 
quantities also are not critical in this respect It can be advantageous to fill the 
containers only with a predetermined quantity of material that is required for a 
predetermined coating process. e.g., in order to coat one body; it is normal, 
however, to require a sufficient reserve quantity. However, excess paint can remain 
in the container and be sprayed during the next use of the container. 

Since aU containers can be refiUed and, if necessary, rinsed during normal 
coating operation without interruption, Uie system also operates with the least 
possible loss of time. Loss of time can be limited to the time required to couple and 
decouple the containers to and from the paint spray system with an advantageous 
prior positioning of the containers of the transport assembly. For coating, this loss 
of time can also be avoided if at least two paint spray systems that alternate 
toleration are provided. 

The present paint system is suitable for supplying paint to any coating 
system, e.g.. to electrostatic systems for conventional enamel or electrically ' 
conductive water-based enamel, or to air atomizers: in feet, not only to robots such 
as the aforementioned known systems, but to any coating machines. In this regard, 
only simple movements must be controUed, which in turn can reduce the control 
effort considerably for robots and other multiaxis coating machines. For 
movements which are simple to control, containers Inserted in the transport 
assembly are removed at the discharge point by means of a linear movement 
assembly that moves the containers along a straight path between the coating 
assembly and the transpon arrangement. In the case of a multiaxis enameling 
machine, tiie arm that carries tiie spraying assembly can be pivoted, on the side of 
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the machine facing the transport assembly, from or back to the tran^ort assembly 
in order to take over the containers, said transport assembly likewise being simple 
to control. The same advantage ensues if the coating machine is conducted, parallel 
to the transport direction of the workpieces to the coated, to the discharge point, in 
order to take over and deiiv^ the containers. A container is preferably inserted 
through an opening of the arm into its interior space, where it can be coupled very 
-easily, on one end, to control valves of the rinsing arrangement, and, on the other 
end, to an electromechanical drive for a metered emptying of the container. 

Since the interchangeable containers can be filled relative slowly without 
causing delays for the coating operation due to their intermediate storage on the 
transport arrangement, there is no need for high pressure in the lines, which protects 
the coating material flowing in the lines, which as a rule is pressure-sensidve. For 
the same reason, pressure fluctuations in the lines are far less critical than for 
systems dqiending on the quickest possible filling. 

In addition, the invention enables a trouble-free coating with practically any 
color shade, since not only are the colors delivered in previously conventional 
supply lines available, but furthermore, all possible mixtures of these and/or 
additional colors are availsdile. Mixing can be carried out in the container by filling 
it with different colors, or even prior to filling the container in question, and in fact, 
can be carried out automatically or manually by guiding together at least two 
different colors, e.g., from the annexed supply lines. As a rule, any optional 
preparation of colors, which can be selected with flexibility, is carried out fully 
automatically; it is executed by means of an electronic control system, according to 
the respective demands. In special cases, the transport assembly can also be 
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equippcd with containers filled extemaUy, without being annexed to the supply lines 
of the filKng station of the system described here. 

At the filUng station, a device shaU be provided which automatically couples 
a container to a device fed by at least one supply line. The anangement of colors 
on the transport assembly can be carried out at any optional positions according to 
usefulness, since the automatic devices provided at the discharge point and at the 
fining station, in-order to supply and remove or to fUl die containers have fiee 
access to all positions on the tran^rt assembly. 

The filling station or at least the discharge point could be located within the 
spray booth in which coating conventionally is carried out However, a spiay bootfi 
preferably contains as few components of the overaU system as possible, especially 
in die actual spraying region due to die danger of dirt accumulation by means of the 
sprayed coating material and due to die impairment of the freedom of movement of 
the coating machines. For die system described here, it is dieiefore preferable to 
locate die tnmspon assembly completely outside of die spray boodi. For example, * 
die transport assembly in preferably located in die maintenance region of die system 
and is separated from die paint spray system by means of a wall, widi containers 
being suppUed to die paint spray system and returned to die transport assembly 
through an opening in die wall. Since die fiUing station is also located outside die 
bootii, die closed circular supply lines, in which coating material circulates, do not 
need to be guided as far as into die boodi. The lines can diexefoie be shorter and 
narrower. 

Th spiay arm of die spray machine is brought for exchanging die container 
into a position in which a manipulator device, performing a linear movement 
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peipendicular to the arm opening, can insert and icmove the cxmtainer. When 
inserting the container with this manipulator device, it can be connected very simply 
to tte valve unit of the spraying device, likewise provided in the interior of the arm, 
and separated from it during removal* All supply and control lines leading to the 
spraying device can run in the interior of the movable elements of the machine. 

In operation, the container need only participate in the anh motions of the 
machine, but not in the additional axial movements of the spraying device. The 
container in the arm interior is also easily insulated when it is subjected to high 
voltage in an electrostatic coating operation widi conductive material. Preferably, 
the arm of the machine consists of insulating material over a length sufficient for 
insulating the spraying device and the container from grounded parts of the machine. 

An additional advantage of the invention consists in the fact that a container 
constructed as a metning cylinder with a movable piston can be easily coupled in 
the interior of the arm to an electromechanical control drive for metered emptying 
of the container* In particular, when removing the container from the machine, a ' 
piston rod which remains in the machine and which can be coupled to the inserted 
container can be driven by an electric servomotor installed in the machine of a type 
-corresponding to the motors provided in the machine for axial driving. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above, as well as odier advantages of the present invention, will 
become readily apparent to those skiiled in the ait from the following detailed 
description of a piefer ied embodiment when considered in the light of the 
accompanying drawings in which: 



10 



wo 97/34707 »^«,€.i«i«*w«, 

PCT/US97/04209 

-7- 

Figurc 1 is a basic rqnesentation of the paint system of the present 
invention; 

Figure 2 is a schematic iiq)resentation of an anangement with which a 
container can be moved between the paint system and the transport assembly 
in accordance with Figure 1; 

Figure 3 is a schematic iqnesentation of a filling station of the system in 
accordance with Figure 1; 

Rgure 4 shows a simplified longitudinal section through the arm of the 
painting robot of Figure 1; 

Figure 5 shows a schematic rqnesentation of the system for connecting the 
exchangeable container to the spraying device of Figure 1; 

Figure 6 is an alternate embodiment of the paint supply system of Figure 1; 

and 

Figure 7 is a schematic of another alternate paint supply system which can 
be used in the paint system of Figure 1. 

DETAILED DESCRIFnON OF A FREFE31RED EMBODIMENT 

The paint system 20 of the present invention is generally shown in Figure 1 
comprising a paint supply system 22 for supplying paint to a paint spray system 24. 

The transport assembly itself of die system described here can be of any 
optional type, e.g., a belt conveyor or a chain conveyor. The paint supply system 
22 comprises a magazine 26, which can rotate in eidter direction. The magazine 
26 is provided widi devices to accept and hold cartridge-like containers 28 at a 
multitude of uniformly distributed positions, as is known and conventional for tool 
magazines in connection with tool-changing arrangements. Preferably, the magazine 



wo 97/34707 PCT/Uar/04209 

-8- /-^ 

: I 
J 

26 stores a multitude of containers simultaneously, at least equal to r preferably 
double the number of colors which can be selected. 

Arrow 32 indicates a filling station 32 in which the containers 28 inserted in 
the magazine 26 are automatically filled with the difGeient colors desired in each 
5 case. Prefoably, the containers 28 reniai in the magazine 26 during filling, if a 
movable filling device 34 is coupled to the container to be filled. Altemuively, the 
containers can be removed from the magazine 26 by means of a suitable 
arrangement and then likewise automatically coupled to the filling device 34 for 
filling. The filling device 34, contains a color changer 36 or at least a movable 
10 device connected to a color changer, with the color changer 36 being annexed to a 
multitude of closed circular pipelines designated, m general, as 38, in which 
drcidate different colors of available coating materials. Individual containers, e.g., 
with individually mixed special colors, can be inserted manually at the manual 
filling station 40. 

15 At the discharge point indicated by arrow 42, a filled container 28a is ' 

seized, removed from the magazine 26, and supplied along the represented straight 
path 48 to the paint supply system 24 by means of a linear movement assembly 46 
which, e.g., has a piston-cylinder driving unit and can be moimted on the magazine 
26. 

20 The paint spray system 24 comprises an enameling robot 50, which can be 

moved, as shown by arrow 52, parallel to the transpon direction of woriqneces (not 
represrated) supplied with a conventional conv^or. The robot 50 is moved back 
and forth in this direcdon between a worldng posidon 50a and a container-changing 
position SOb, in which a filled container is delivered to the former and an empty 
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container is removed. Tb container 28a shaU pnrferably be inserttd through an 
opening 54 in the housing 56 of the am 58 of the robot 50 and there be coupled to 
a control valve construction of the spraying aiiangement. For this purpose, the robot 
ann 58 is pivoted more than 90 degrees, prefieiably more than 180 degrees, and 
5 most prefisrably approxinutdy 270 degrees in the vertical position represented, in 
which the aforementioned opening of the arm 58 is fiuang the delivery amngement 
46 of the magazine 26, hence, is located in a vertical plane which intenects the 
horizontalpaih48roughlyataiightangie. TlJe pivoted movement of the robot arm 
58 required for this is made possible by the single-sided support of this arm 58 on 
D theiobot50asrqmssentBd. Hence, the robot 50 need only execute a few simple 
movements to reach the container-changing posidon 50b and to receive a filled 
container and deliver an empty container. The arm 58 is positioned on one side of 
the paint spray system 24 for spraying paint and on the opposite side of the paint 
spray system 24 for receiving containers 28. 

While the robot 50 is located in the container-changing position 50b, before * 
insertion of a full container 28a, the container 28b used before and now empty. 
represeated by a dashed line in die figure, first is removed ftom die robot arm 58, 
For diis purpose, the linear movement assembly 46, only represented schematically, 
can be as shown in Figure 2, such that it can hold at least two containers 28 
simultaneously, hold the fuU container 28a ready whUe it removes die empty 
container 28b. In dus regard. Figure 2 schematically represents Hat die Unear 
movement assembly 46 also carries out a transverse movement peipendicular to die 
horizontal path 48; Ais can also be a rotational movement. After the new container 
28a has been inserted, die robot 50 travels back to its working position 50a. 
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For th example described, the linear m vement assembly 46. which 
removes the container 28 from the paint supply system 22 and supplies it to the 
paint spray system, also returns the container 28 to the paint supply system 22. The 
possibility also exists of providing two movement assemblies 46 at the discharge 
point 42, of which one supplies containers 28 to the paint spray system 24 while the 
other nx>vement assembly 46 returns a diffierent CQntaino* 28 to the paint supply 
^ system 22. 

The robot SO operates conventionally within av spray booth. Based an, 
among other reasons, the aforementioned linear movement of the containers 28 
along the path 48, the very advantageous possibility exists of arranging the paint 
supply system 22 including the magazine 26, fiiUy outside of the booth, and of 
separating it from the robot by means of a wall (not represented). The containers 
28 can be sui^lied to the paint ^nay system 24 without trouble and returned to the 
magazine 26 through an opening in this wall. 

Of course, in production line coating of workpieces, such as motor vehicle ' 
bodies, additional enameling machines can be located within the booth; in particular, 
a second enameling robot can operate on the opposite side of the body to be coated, 
and can obtain its interchangeable containers from an additional supply system, of 
the type described, provided there. It is also possible to provide at least two 
magazines or transpon arrangements of the type described, operating in parallel, on 
the same side of the booth. 

In addition, the possibility exists of using one supply system of the type 
described here in order to supply two robots r other coating madunes, of which 
one machine respectively works while ihe paint containers are changed for the other 
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rcspective machine, such that a changing of the containers need not interrupt the 
coating operation. 

A manual manipulation assembly could be used to fill the containers 28; it 
is preferable, however, for the containers 28 to remain in the magazine 26 during 
filling, in accordance with Figure 1. A control valve, which is both connected to 
the color changer 36 and is movable, is coupled, eg., fiom below, to the valve 
openings provided in an end wall of the container 28. as Rq)resented with greater 
precision in Figure 3. 

In accordance with Figure 3. the cartridges or containers 28 are in the form 
of cylindrical metering containers that contain a piston 60. which can be displaced 
within the container. The position of the piston 60 in the container defines the 
volume to be fiUed and hence, the amount of enamel to be sprayed. The position 
of the piston 60 can be set by means of a piston lod 66 prior to filling by an electric 
motor 64. preferably a stepping motor, which is controlled by means of the electric 
control system of the filling station according to the respective quantity of enamel ' 
required. 

While the piston 60 is operated from one end of the container 28, the 
container valves 70, 72 provided for filling and emptying are located at the opposite 
end. The valve 70 serves for filling at the filling station and in order for coating 
material to be removed during coating. The valve 72 serves, if necessary, to empty 
the container 28 in the filling station in which die container can also be rinsed. A 
handle 62 for the aforementioned manual manipulation assembly, for inserting the 
container in the robot and for returning it to the magazine 26 can be attached to a 
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side wall of the container 28. Centering means f r aligning the valves 70, 72 with 
those of the color changer are located at the ends of the container 28. 

The color changer 36 with a control valve unit 74 connected to it is coupled 
to the container 28. In this r^ard, a line 78 connects the container valve 70, to the 
S color changer 6, by means of corresponding valves Fl*Fn, to a number of closed 
circular pipelines or other suj^ly lines for different colors. Likewise in a 
conventional manner, the color changer also contains valves V for a rinsing agent 
or solvent and additional valves PL for compressed air used to empty and rinse the 
container 28. Return valves, designated RF, are connected to a line 84 which, 
10 connects a drain valve 72 of the container 28 to a collecting receiver 84. When 
necessary, rinsing liquid travels through the line 78 and valve 70 into the container 
28. The control valve unit 74 is automatically rinsed when the container is 
decoupled. 

It is preferable to provide the containers 28 with readable mechanical 
15 identifier data 90 such as barcodes or magnetically stored data, with respect to color ' 
shade, quantity of paint, container number, container size, identificadon of the 
coating process to be carried out, etc., such that an optimum monitoring and control 
of the operadon is always possible. In particular, the electronic control system can 
assign the container to a certain workpiece to be coated. The identifier data on the 
20 container can either be permanent or have the ability of being overwritten. 

Figure 4 shows the arm 58 of a painting robot. It consists essentially of an 
elongated housing 56 that is seated at its right end in such a manner as to be 
movabl (not ^own), and at its opposite end supports additional movable elements 
including a wrist or hand axis construction 100, on which the spraying device is 
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ananged. The requiied lines nin through the inteiior of the hand axis construction 
100 ftom the spraying device (not shown in Figure 4) to a valve block 102 installed 
pennanajtly at the end of ann 58 in its housing 56, 

The housing 56 of die ann 58 is closed off towaids the outside with die 
exception of the opening 54 located on one side of the arm and dimensioned 
sufficieoUy long and wide that the cylindrical container 28 can be inserted through 
the opening 54 into an interior q»ce of die housing 56 to the illustrated positim, 
in which its own axis lies parallel to diat of arm 58, and removed after use. In its 
end face turned toward the valve block 102, die container 28 has die outiet valve 
opening 106 which lies flush during the emptying process widi an inlet openmg of 
die valve block 102 feeing toward die end fece of die container. The precise 
alignment is achieved by centering means 108 diat are provided on die valve block 
and on die end of die container and come into engagement during die axial 
pressing-togedier and coupling of die amtainer 28 to die valve block 102. For 
pressing the container against the valve block 102 and locking it tiierc, a pneumatic * 
locking cylinder 138 is pinvided. 

As stated above, die container 28 is constructed as a metering cylinder. It 
contains a piston 60 movable in die container in order to empty it. As described 
above, die piston which can be moved during or before die filling of die container 
at die remote filling site into a position in which it defines a preset filUng volume 
for the coating material filled dirough one of die valve openings 70. In die example 
shown, diis is die entire container volume, but in odier cases, a volume can be set 
which is just sufficient for a predefined coating process plus a necessary reserve. 
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In case of complete emptying, th metering piston 60 contacts th interior wall of 
the end face of the container 28, as shown at 60a 

For the metered emptying of the container 28, a piston rod 1 16 seated so as 
to be axially movable along the housing 56 acts on the metering piston 60 through 
S an opening 1 14 provided in the rear container end; said rod 1 16 is not continuously 
in contact with the piston 60, but remains instead in the housing 56 during the 
^exchange of the container* The piston rod 1 16 is driven, via a clutch 124, a belt 
of gear transmission 126, a spindle nut 130 guided at 128 and a qnndle 134 seated 
at 132, by an electric servomotor 122 housed in an enlarged part 118 of the 
10 housing. An absolute value sensor for the servomotor 122 and an inductive rpm 
gauge 136 provide precise control of the metered emptying of the container 28. The 
housing part 1 18 is closed at its rear end by a lid 120. 

At its end facing the container 28, the piston lod 116 is seated in the 
pneumatic stop cylinder 138 serving to stop the container. A pneumatic contact 
15 sensor 142 that generates a pneumatic signal when the piston rod 1 16 strikes against 
the metering piston 60 is seated in the end face of the piston rod 1 16. 

The coating machine described here can work in principle with any arbitrary 
spraying device. If, however, an electrostatic spraying (fevice is used for spraying 
electroconductive coating material, the valve block 102 and the container 28, which 
20 axe constructed of pressure-resistant metal, are raised to a high voltage. Therefore, 
it is necessary to assure electrical isolation from the normally grounded metal parts 
of the machine. For instance, the expanding housing part 118 preferably consists 
f aluminum. The housing 56 f the illustrated robot arm 58 preferably omsists of 
a mechanically-stable plasuc or other insulating material from the valve block 102 
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uptothehouangpartllS. Th length f Ac insulating housing 56 is dimensioned 
such that the required isolating path 1 44 is created between the rear end of the stop 
cylinder 138, which is metal and the metal housing part 118. The piston rod 116 
likewise consists of insulating nuueriaL 

Figure 5 schematically iUustrates the supply system of an electrostatic 
spraying device 148. which can. for instance, be a conventional rotaiy atomizer and 

is intended to spray the coating material from the container 28 instaUed in the robot 
ann according to Figure 4. If the container 28 is inserted and coupled to the system, 
the main needle valve of the spraying device 148 is connected via a line HN and a 
paint valve F in the control valve block 102 to the inlet opening 150 of the valve 
block, and consequently the valve opening 70 of the container 28. 

Furthermore, a rinsing agent line V leads into the valve block 102. A line 
KS leads from the valve block 102, and serves for brief rinsing of the atomizer beU 
while circumventing the main needle line HN and is branched off into the spraying 
device 148. The rinsing agent consisring of thinner in the line V reaches die line " 
HN and the spraying device as needed, particulariy when changing paint. Through 
an additional line PL, compressed air reaches die valve block 102 and the spraying 
device 148 via line HN. Finally, a line RF, likewise connected to the valve block 
102 and in paraUel thereto to the spraying device 148. Unsprayed coating material 
and rinsing agent are directed from die oUier lines, the control valve block and the 
spraying device dirough the line RF mto a coUecdng container S, particularly during 
a change of paint. The described lines are located on the inside of the movable 
machin elements. 
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If conductive paints are sprayed in the vicinity of the sfwaying device 148 
and the valve block 102, the Unes can be at a high potential and are therefore 
constructed in their continuanons to be insulating. The necessity of electrical 
insulation is absent if» for instance, a pneumatic atomizer 148a, rather than an 
electrostatic spraying device, is connected to the control valve block and the line 
RF. 

In operation, the container 28 is filled at a point removed from the paint 
spray system 24 and preferably conveyed outside the conventional spraying booth 
by the paint supply system 22 as described above to a container exchange point, 
where it is gripped by a manipulator device and is inserted through an opening of 
the booth wall along a linear conveyance path into the opening 1 14 of the housing 
56 of the arm 58 shown in Figure 4. The container 28 is equipped, on one side for 
instance, with a handle 152 (Figure 4) by which it is seized by a gripper 154 of the 
aforementioned manipulator device. The process of pressing against and coupling 
to the container 28 occurs automatically. After use, the container is again removed 
from the arm 58 by the manipidator device, which simultaneously inserts a new 
:container filled as needed with the same or a different paint, unless it is more 
^practical to use separate devices for insertion and removal. 

Figure 6 rqnesents a different embodiment of the paint supply system. 
Here, a belt or chain conveyor 156 serves as the transport arrangement, in which 
the containers 28 are held in a hohzontai position by means of a chain or belt 158, 
and which revolves about a horizcmtal axis. 

As with the embodiment in accordance with Figures 1 and 3, a color changer 
160 is connected by lines 162 to cl sed circular pipelines or, preferably, a movable 
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fiUing coupler 170 with the ability to be rinsed. The movable filling coupler 170 
is fed by the color changer 160, is coupled to a container 28 lo be filled by means 
of an automatically controUed shifting device. In addition, additional supply lines 
1 64 are connected to the color changer 1 60. and at least some lines lead to pressure 
chambers 166 or to other supply tanks for special colors or other coating materials 
that cannot be drawn from the lines 162. For ocample, different colors could be 
mixed in the chambers 166. In each case, the lines 162, 164 include control air 
lines for valve actuation. 

As witii the embodiment in accordance with Figure 1, a linear movement 
arrangement 168, e.g., one driven by means of a piston-cylinder unit, or a different 
positioning device, is provided in order to remove and reinsert the containeis 94. 
In each case, the conveyor 90 is positioned by means of a drive 172 controlled by 
the electronic control system such that the containers lequired in each case are 
removed and refilled at the correct point in time at the discharge point and filUng 
station. 

Preferably a flow meter 176 is positioned on the line which leads from the 
color changer 160 into the containers 28. This can be used to monitor a metered 
filling or, by means of a corresponding control of the present valves, to control the 
filling quantity. Hence, the piston control described with the embodiment in 
accordance with Figure 3 is not required. 

With the use of electrostatic spraying arrangements, the spatial clearance of 
the filling station from the discharge point or from the spraying arrangement is at 
least as great as the clearance required for an electrical insulation- Independent of 
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the type of spraying arrangement, however, a filling station shall be located outside 
the spray booth for the reasons already cited above. 

Figure 7 schemaiicaily indicates a paint supply system according to another 
embodiment example of the invention. In this examine, a standard side machine 
5 198 used in automobile painting technology can be supplied with different color 
coating material as coating device 200, according to the illustration. The coating 
^ device 200 is located at the transfer point 42, to which the filled containers 28a are 
transported ftom the filling site 32 to moving magazines 204. The conveyance of 
these magazines 204 used as moving transport devices, from the filling site 32 to 
10 the transfer site 42, can take place by different means or conveyors 208, as 
necessary; for example, with a rail*based conveyor or conveyor linked by an 
induction coil, or a chain conveyor, etc., or in special cases, even manually, onto 
the illustrated cart. 

One alternative posability (not illustrated) consists in moving the container 
IS 28 or a suitable magazine by means of a pneumatic tube system in a known manner. 

When using a number of coating devices, the containers 28, or in the 
illustrated example, their magazines 204, can be supplied either directly from the 
filling site 32 from the individual coating devices, or instead, the magazines can 
move the various coating devices one after the other, where one fifled container is 
20 removed and/or an empty container can be returned from the coating device into the 
magazine. 

There are several possibilities for filling the container 28 at the filling site 
32; for example, connecting empty containers to ring lines or other lines, or to large 
supply vessels. It is also possible to set up filled containers supplied from outside 
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of the particular system, in the filling statim for transport to the transfer site 42. 
According to one particular cfaanu^teiistic of flie invention, a mixing bench 210 can 
be provided at the filling site, from which various coating substances of differing 
colors are moved into the container, which are mixed in advance, or are mixed in 
the containers, into the desired color tone. Furthermore, the containers can be 
rinsed at the filling site. It is also possibte to regenerate the coating material from 
not completely emptied containers 28. The containers can be subjected to a quantity 
checlc and a pressure test; they can be shaken to agitate their content, and they can 
be positioned automatically with respect to the magazine 204 and with respect to the 
existing filling devices. 

Both the filling and possible emptying and rinsing of the containns at the 
filling site 32, and also the loading of the conveyer 208 (represented as a cart) can 
take place manually or automatically. 

As described above, the containers 28 can be provided with machine-readable 
or visually readable identification data to identify their contents, including paint ' 
type, filling date, etc. If several magazines 204 are used, they are also provided 
with separate identifiers or characteristic data to identify the containers held therein. 

According to the iUustiation, the magazine 204 can be removed with the 
containers 28 to be filled, from a reserve magazine supply 212, and moved from 
there, e.g., by means of an automatic handling unit 216 or another conveyance 
device, or even manuaUy, to the positions necessary for filling, emptying or rinsing, 
nie reserve magazine supply 212 can be hxated direcUy at the filling site 32, in a 
paint mixing room or at a remote site. The reserve magazine suH»ly 212 can 
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contain magazines 204 and/or single containers 28. They can be completely or 
partially fiiU, empty, used, or rinsed. 

A reserve magazine supply with already filled containers could also be 
provided. Furthermore, it is possftle to heat the reseivoir so that the coating 
material is first brought to an optimum temperature. In this case the containers are 
preferably provided with thermal insulation during their tran^xnt to the coating 
device 200. 

The containers 28 removed from the coating device at the transfer site 42 
after use can be transported first into the reserve magazine supply 212, as 
illustrated, before they are reused at the filling site 32. The magazine 204 used for 
transport into the reserve magazine supply 212 can be transported on similar 
conveyors 208, as on the path to the coating device 200. 

The entire operating sequence is monitored and controlled, preferably by an 
aligning and control system 218. This system ensures, in particular by using the 
mentioned characteristic data, that all existing coating devices are supplied as 
quickly as possible and with the smallest possible material losses, with the coating 
material needed in the particular case. 

The containers used according to this invention have numerous, inherently 
advantageous properties. They are suitable for metering, airtight and designed as 
pressure vessels. They provide protection against aging of the coating material and 
act as transpon containers, paint reservoirs and for decoupling of the coating devices 
from ring lines or other paint supply systems. They are portable, rinsable and 
reusable and they can be identified in a simple manner. Furthomore, they are easy 
to grasp and can be easily centered and locked into position. 



WO!>7/34707 PCT/US97/04209 

-21- 

WHAT IS CLAIMED IS: 

A method for supplying paint to a coating device comprising the stq^s of: 

a) seizing a first container ftom a plurality of containers of paint on a 
tzanspoit assembly; 

b) installing said first container into a paint spray system; 

c) qnaying said paint from said first container onto a worlqnece; 

d) removing said first container from said paint spray system; 

e) returning said first container to said transport assembly; 

f) filling said first container with paint while said first container is in said 
transport assembly; 

g) seizing a second container fiom said plurality of containers; and 

h) installing said second container into said paint spray system. 

The method according to Claim 1 further including the steps of: 
moving a color changer to a position adjacent said first container on said ' 
transport assembly, said color changer including a plurality of valves 
each connected to a supply line of different colors of paint; 
connecting said color changer to said first container during said step f); and 
filling said first container with paint through one of said plurality of valves 
from said color changer. 

The method according to Claim 1 wherein said step g) is performed before 
said step d), and said step h) is performed before said step e). 
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4« The method according to Cbdm 1 wherein said ccmtainer includes an axially 
moveable piston within said container, said step c) further including the steps of: 
moving said piston axially; and 

measuring the movement of said piston to measure the volume of paint 
grayed. 

-S. The method according to Claim 1 wherein said paint spray system includes 
a paint sprayer mounted on an outer end of a moveable spray arm, said spray arm 
including a housing having an opening, said steps b) and h) each including the siq> 
of inserting said container through said opening into said hotising. 

6. The method according to Claim 5 wherein said spray arm is moveable 
rotatably about a generally horizontal axis, said step c) performed while said spray 
arm is operating on a first side of said paint spray system, said steps b) and h) 
performed while said spray arm is rotated about said generally horizontal axis to an 
opposite side of said paint qnay system. 

7. The method according to Claim 1 wherein said step c) further includes the 
step of removing said paint from said first container through a first valve in said 
first container, said step f) further including the step of filling said first container 
through said first valve. 
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8. The method according to Claim 7 further including the step of aligning said 
fint valve of said first container with a valve block disposed in said paint sptay 
system. 

5 9. The method according to Claim 8 wherein said step 0 further includes the 
stq)s of: 

rinsing said first container widi a rinsing agent introduced into said first 
container through one of said first valve or a second valve in said 
first container; and 

simultaneously removing any remaining amount of said paint from said first 
container through the odier of said first valve and said second valve. 

10. The method according to Claim 1 wherein said ttanspon assembly is a 
iwaiablc magazine rotating geneiaUy about a vertical axis, said containers disposed 
circumferentially about said vertical axis. 

11. The method according to Claim 1 wherein said transpon assembly is a 
conveyor rotating generally about a generally horizontal axis, said containers 
disposed circumferentially about said horizontal axis. 

12. The method according to Claim 1 wherein said steps a) and d) each include 
the step of seizing a handle formed on said first container. 

13. The method according to Claim 1 wherein a pluraHty of containers including 
said first container are disposed widiin a magazine, said step b) including the step 
of installing said magazine into said paint spray system. 



wo 97/34707 PCT/USyTy04209 

-24- 

14. A coating machine comprising: 

a moveable ann having an axial inner end and an ofqxisite axial outer end; 
a spray device mounted on said outer end of said arm; 
a piston rod disposed in said arm; 

a meter operably connected to said piston rod, said meter indicating relative 
position of said piston tod; and 

a removable container removably moimted on said aim, said container 
including an axially moveable piston moveable from an axial inner 
end of said piston to an axial outer end of said piston, said piston rod 
engaging said piston, said meter indicating the relative position of 
said piston rod, said spray device determining the volume flow of 
paint through said spiay device based upon a change in said relative 
posidon of said piston rod. 

15. The coating machine of Claim 14 wherein said arm further includes a 
housing having an axial outer end and opposite inner end, said housing having an 
opening located between said onto* end and said inner end, said container insertable 
:and removable through said opraing in said housing. 

16. The coating machine of Claim 14 wherein said arm further includes a valve 
block, said spray device in fluid communication with said valve block, said 
container further including a valve in commicadon with said valve block, paint 
being supplied to said spray device through said valve and said valve block. 
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17. A coating machine comprising: 

a moveable ann including a housing having an axial outer end and opposite 

inner end, said housing having an opening located between said outer 

end and said inner end; 
a spray device mounted on said ouujr end of said arm; and 
a container selectively insertable and removable thiougfa said opening in said 

housing. 

18. Tlie coating machine of Claim 17 wherein said aim is moveable rotatabiy 
about a generally horizontal axis, said container supplying paint to said spray device 
while said arm is in a first rotation position about said horizontal axis, said ann 
being rotated more than 90 degrees about said generally horizontal axis from said 
first rotation position to a second rotation position, said container being removed 
and inserted into said arm while said arm is in said second rotation position. 

19. The coating machine of Claim 17 wherein said arm ftirdier includes a piston 
rod disposed in said arm, a meter operably connected to said piston rod, said meter 
indicating relative position of said piston rod, said container including an axially 
moveable piston moveable from an axial inner end of said piston to an axial outer 
end of said piston, said piston rod engaging said piston in said arm, said meter 
indicating tiie relative position of said piston rod, said spray device determining the 
volume flow of paint through said spray device based upon a change in said relative 
position of said piston nxl. 
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20. The coating machine of Claim 17 wherein said ann further includes a valve 
block, said spray device in fluid communication with said valve block, said 
container further including a valve in commication with said valve block, paint 
being supplied to said spny device through said valve and said valve block. 
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2h A paint system comprising: 

a transpon assembly removably receiving a plurality of paint containers; 

a paint spray system including a moveable arm having a spray device 
mounted on an axial outer end of said ann» said spray device 
receiving paint from a first container of said plurality of paint 
containers; 

a moveable paint filling device including a plurality of valves each connected 
to a supply line each supplying a different color paint, said filling 
device filling said plurality of paint containers with said diffnent 
color paints while said containers are located in said transport 
assembly; 

a movement assembly seizing said first container from said arm of said paint 
spray system after said spray device receives said paint from said 
first container, said movement assembly returning said fint container 
to said transpon assembly and seizing a second container from said 
plurality of containers, said movement assembly inserting said second 
container into said arm of said paint spray system, said paint filling 
device filling said fint container with paint while said container is 
located in said transport assembly. 

22. The paint system of Claim 2 1 wherein said moveable arm includes a housing 
having an axial outer end and opposite inner end, said housing having an opening 
located between said outer end and said inner end, said containers being insertabie 
and removable into said arm through said opening. 
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23. The paint system of Claim 21 wherein said arm is moveable rotatably about 
a generally hoxizontal axis, said container supplying paint to said spray device while 
said arm is in a first rotation position about said horizontal axis, said arm being 
rotated more than 90 d^rees about said generally horizontal axis from said first 
rotation position to a second rotation position, said container being removed and 
inserted into said arm while said arm is in said second rotation position. 

24. The paint system of Claim 21 wherein said arm fimher includes a inston rod 
disposed in said arm, a meter qjerably connected to said piston rod, said meter 
indicating relative position of said piston rod, said container including an axially 
moveable piston moveable from an axial inner end of said piston to an axial outer 
end of said piston, said piston rod engaging said pistcm in said arm, said meter 
indicating the relative position of said piston rod, said spray device determining the 
volume flow of paint through said qiray device based upon a change in said relative 
position of said piston rod. 

25. The paint system of Claim 21 wherein said arm further includes a valve 
block, said spray device in fluid communication with said valve block, said 
container ftirther including a valve in commication witfi said valve block, paint 
being supplied to said spray device through said valve and said valve block. 
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